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with alkylating agent chemotherapy.

In summary, second cancers and leu-
kemia account for only a fraction of
cancer deaths, and their incidence is
small compared to the benefits of radia-
tion therapy.

—Alison Grann, MD
~—Beryl McCormick, MD
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ajor chianges in the treatment

of early-stage breast cancer

began in the mid-1980s, fol-
lowing ‘publication . of “the results. of
clinical trials indicating little-or no dif-
ference in survival between women
treated with breast-conserving surgery
and whole-breast irradiation and those
treated with mastectomy.[1] This find-
ing, together with improvements in the
early detection of breast cancer, result-
ed in substantial increases in the use of
the more conservative procedures and
in the number: of young women who
receive radiotherapy to the breast.

Today, the survival rate of patients
with early-stage breast cancer is rela-
tively high,[2] and large numbers of
women live long enough to experience
the late effects of treatment, includ-
ing radiation-induced second cancers.
Neugut and colleagues consider the pos-
sible magnitude of these risks.

Such an assessment is constrained
by the long latency period of radiation-
induced solid cancers, which typically
are not diagnosed until at least 10 years

following “irradiation. As yet, no data
have been published concerning the
long-term risks of second cancers among
large series of breast cancer patients
treated with breast-conserving surgery
and breast irradiation.

The largest, most detailed epidemio-
logic studies of second cancers among
breast cancer patients were conducted
in women diagnosed before 1986, at
which time treatment often included
miastectomy, with or without high-dose
radiotherapy {orthovoltage or megavolt-
age) to the regional lymph nodes and
chest wall. The nature of the radiation
exposure before the middle 1980s was
very different from that associated with
contemporary practice. Neugut et al-sug-
gest, reasonably, that without direct ev-
idence ‘of the long-term effects of the
more modern freatments, one can make
reasonable predictions about second
cancer risks based on the existing liter-
ature and a consideration of how the

new treatments differ from the older

techniques.

As always, such risks should be con-
sidered in the context of the mortality
risks associated with the first breast
cancer, the life-prolonging benefits of
therapy, and the other possible compli-
cations of treatment besides second can-
cers. Among patients with localized
breast cancer diagnosed between 1983

and 1987, the §-year relative survival
rate was 93.8% in'whites and 84.1% in
blacks.[2] Radiotherapy administered
following breast-conserving surgery has
been shown to result in a threefold low-
er rate of ‘local tumor recurrence,
compared with surgery alone, and to
decrease mortality due to breast
cancer.[3,4]

Second Cancers Potentially
Increased by Breast Irradiation

Second cancers-that have:beéen re-
ported to be increased among women
irradiated for breast cancer include leu-
kemia (except chronic lymphocytic leu-
kemia) and cancers of the breast, lung,
bone, soft tissue, and, possibly, esopha- |
gus. Of these, cancers of the lung and
breast pose the greatest potential con-
cern because of their high background
incidence rates and demonstrated sus-
ceptibility to induction by radiation in
other populations. Even a small relative
increase in the risk of these cancers due
to radiotherapy could translate into a
substantial excess absolute risk. In con-
trast, leukemia, bone and soft-tissue sar-
comas, and esophageal cancer would
remnain rare even if their incidences were
increased two- or threefold by radiation
therapy.

Radiotherapy administered after

breast-conserving surgery can follow
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any of a namber of treatment: plans,
depending on which nodal volumes are
to be irradiated, and incidental doses to
healthy tissues. vary accordingly.[5,6]
In general, however, the use of tangen-
tial fields delivers lower doses to the
contralateral breast, lungs, bone, bone
marrow, and esophagus compared to
the doses associated with adjuvant, high-
dose regional radiotherapy to the nodes
and chest wall following mastectomy.[6]
Second cancer risks for these sites due
to breast irradiation probably are lower,
possibly substantially, than the risks as-
sociated with regional radiotherapy;
thus, the latter estimates provide the
likely upper bounds of the risks ass0Ci-
ated with more modern treatments.
Studies of secondary breast cancer,
tung cancer, and leukemia among wom-
en diagnosed with breast cancer before
1986 all indicate a low overall absolute
risk associated with radiotherapy. How-
ever, in each case, there is evidence of
the modification of the effects of radio-
therapy by other factors. Important et-
fect modifiers include: age at irradiation
for secondary breast cancer, smoking
behavior for secondary lung cancer, and
chemotherapeutic agents for leukemia.

Age at Irradiation and
Secondary Breast Cancer

Boice and colleagues showed that,
among all women with a first breast
cancer, the risk of cancer of the con-
tralateral breast was not significantly
associated with radiotherapy; these in-
vestigators estimated that fewer than
3% of second breast cancers could be
attribnted to radiotherapy.[7] However,
the relative risk of a second breast can-
cer was inversely associated with age at
treatment and increased significantly
with radiation dose among women
younger than 45 years at diagnosis of
the first breast cancer. The estimated
felative risk was 2:26 for women young-
er than 35 years at diagnosis. No excess
risk was apparent until 10 or more years
following treatment.

Breast cancer is rare before the age
of 35 years, and the general conclusion
that the overall risk of contralateral
breast cancer due to radiotherapy is low
seems secure.[7,8] Nonetheless, further
evaluation of the risk of radiation-in-
duced secondary breast cancer among
womnen whose first breast cancer was
diagnosed at a young age is indicated,

particularly in light of the trend toward
earlier diagnosis of breast cancer and
the very high relative risks observed
during adolescence and early adulthood
following mantle irradiation for
Hodgkin’s disease.[9] Also, special care
should be-taken to minimize the scatter
dose to the contralateral breast in worm-
en younger than 45 years. Techniques
for accomplishing this have been
described.[5,10]

The risk of radiation-induced second
breast cancer has led some to question the
use of breast-conserving surgery and
adjuvant radiotherapy in women with
very-early-onset breast cancer. [9] Clini-
cians should take into account the fact
that the scatter dose to the contralateral
breast associated with breast-conserving
therapy[10] typically is substantially
lower than the doses associated with re-
gional or mantle radiation in previous
studies of patients with breastcancer or
Hodgkin’s disease. Women diagnosed
with a first breast cancer should be fol-
lowed closely to detect tamor recugrenc-
es and second primary: breast cancers,
but this is trae whether ornot they were
irradiated.

Smoking and Secondary
Lung Cancer

High-dose, regional radiotherapy fol-
lowing mastectomy is associated with
an approximately twofold relative rigk
of lung cancer among 10-year survi-
vors of breast cancer.[11] The absolute
risk attributable to radiotherapy has been
estimated at 9 excess cases per year
among 10,000 women who survived for
at least 10 years.

The risk associated with thoracic ir-
radiation appears to be considerably
greater among smokers than among non-
smokers.[12,13] In patients with
Hodgkin's disease, the combined effect
of radiotherapy and continued smoking
appeared to be more than multiplica-
tive.[13] Minimization of future lung
cancer risk among newly diagnosed
breast cancer patients who smoke calls
for modification of their smoking be-
havior:rather than their breast cancer
treatment.

Chemotherapeutic Agents
and Secondary Leukemia

Unlike radiotherapy-induced breast
and lung cancers, which generally have
long latency periods and then remain in

excess over an extended period, radio-
genic leukemia begins to appear within
several years following treatment and
demonstrates a wavelike excess in rela-
tive risk over time. The most detailed
study of treatment-induced feukemia
among breast cancer patients indicates
a possible multiplicative relationship
between  the risks due to radiotherapy
and chemotherapy.[14] Investigators
observed a 2.4-fold relative risk associ-
ated with high-dose regional radiother-
apy in the absence of chemotherapy, a
10-fold relative risk due to chemothera-
py with alkylating agents in the absence
of radiotherapy, and a 17.4-fold rela-
tive risk associated with combined ra-
diotherapy and chemotherapy. The
excess risk was concentrated within the
first 7 years following treatment.

The risk associated with chemother-
apy was especially high for melphalan
(Alkeran) and substantially lower for
cyclophosphamide (Cytoxan, Neosar).
The high relative risk associated with
combined-modality therapy probably is
not representative of the risks associat-
ed with contemporaty treatments, inso-
far as melphalan and high-dose regional
radiotherapy are rarely used today, and
cyclophosphamide is given for shorter
periods.

Summary

In summary, important scientific
questions remain concerning the joint
effects of radiotherapy and other carci-
nogenic exposures, and the possible ex-
istence of subgroups of patients at
elevated risk for second cancers. Nev-
ertheless: the overall risk of radiothera-
py-induced second cancers associated
with current treatments for breast can-
cer appears to be small and not of over-
riding importance from the standpoint
of management of the first breast can-
cer. This conclusion is supported by the
low and delayed excess risk observed
in studies of women who received high-
dose regional radiotherapy for breast
cancer, and the generally lower radia-
tion doses to healthy tissues outside of
the breast that are associated with breast-
conserving therapy.

The issue of second cancers after
breast irradiation must be revisited pe-
riodically, as it is possible that new drugs
will interact with radiotherapy to pro-
duce high risks, or that small subgroups
with dramatically heightened suscepti-
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bility will be identified. It always is
desirable to avoid unnecessary expo-
sure of healthy tissue to ionizing radia-
tion. However, this principle already is
incorporated into the practice of radia-
tion oncology and must be balanced
against the goals of enhancing local tu-
mor control and, ultimately, increasing
survival. Finally, other possible adverse
consequences -of radiotherapy follow-
ing breast-conserving surgery, includ-
ing an unsatisfactory cosmetic outcome
in the affected breast, may be more im-
portant considerations for many patients.

—Peter D. Inskip, ScD
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